A lattice of Abrikosov vortices in type II superconductors is characterized by a periodic modulation of the magnetic induction perpendicular to the applied magnetic field. For a coherent vortex motion under the action of a transport current, the magnetic induction at a given point of the sample varies in time with a washboard frequency f WB = v/d, where v is the vortex velocity and d is the distance between the vortices in the direction of motion. Here, by using a spectrum analyzer connected to a 50 nm-wide Au nanowire meander near the surface of a superconducting Nb film we detect an ac voltage induced by coherently moving fluxons. The voltage is peaked at the washboard frequency, f WB , and its subharmonics, f TOF = f WB /5, determined by the antenna width. By sweeping the dc current value, we reveal that f WB can be tuned from 100 MHz to 1.5 GHz, thereby demonstrating that patterned normal metal/superconductor nanostructures can be used as dc-tunable generators operating in the radiofrequency range.
Previously, the washboard frequency of the moving vortex lattice was detected by ac/dc interference 3 in high-temperature superconducting cuprates. The detected sharp frequencies 3 were intrinsic to the moving lattice whose uniform motion in a random distribution of pinning sites produced a periodic modulation of the pinning force. If the dc driving current is augmented by an rf component an interference between the intrinsic oscillations and the superimposed ac current occurs when both frequencies are harmonically The different dynamic states and noise associated with the vortex motion in type II superconductors was studied in several numerical works 10, 11 . In particular, they predicted the broad band noise near depinning, the time of flight signal and the washboard signal as well as the signal shift towards higher frequencies with increasing dc drive. Recently, a similar study was also done for skyrmion lattices 12 . The spectral analysis of the skyrmion velocity noise fluctuations has revealed broad band, time of flight and narrow band noise signals as well.
As distinct from the previously mentioned "intrinsic" effects, according to Faraday's law, a time-varying magnetic flux within a closed loop of wire produces an electromotive force (emf) or voltage (within a circuit). This makes it feasible to observe the rf signal associated with the vortex motion externally, by placing a device which is sensitive to the magnetic flux near the surface of a superconductor. Currently, the highest flux sensitivity is provided The device concept is sketched in Fig. 1(a) . The device is based on a 45 nm-thick, 50 nm- To elucidate what geometrical parameters of our system link the peak frequencies with the vortex velocities, we fit the bright areas in Fig. 3(a) to straight lines v TOF = C TOF f TOF and v WB = C WB f WB , varying C TOF and C WB as fitting parameters. The best fits are obtained with C WB = 203 ± 6 nm and C TOF = 1.05 ± 0.03 µm as shown in Fig. 3(a) . Outside of this range of vortex velocities, the area under the peak decreases, indicating that the number of vortices which takes part in the in-phase induction of voltage is decreasing as well. At small velocities this can be understood as a consequence of the depinning transition in the vortex dynamics. Indeed, even in high-quality films there is always a variation in the individual pinning forces acting on different vortices so that the long-range order in the vortex lattice is lost below the depinning transition. This corresponds to regime (I) in the CVC in Fig. 3(b) . The spatial order of the vortex lattice in relation to the voltage noise spectra was studied numerically in Ref. 10 . It has been shown that the vortex velocity distribution function is most broad in the plastic phase near depinning and it is most narrow in the crystallinelike phase, just as we observe in our experiment. Namely, as soon as the viscous regime of flux flow is established, regime (II) in Fig. 3(b) , the long-range order in the vortex lattice is recovered with increasing vortex velocity. This corresponds to a dynamic crystallization 29, 30 of the vortex lattice and this regime is stable as long as no further nonlinearity comes into play. At high vortex velocities, regime (III), the electric field caused by the vortex motion accelerates quasiparticles in the vortex cores, which may escape from them. At T T c the escape of quasiparticles leads to a shrinkage of the vortex core that, in return, causes a reduction of the vortex viscosity. The associated reduction of the viscous force impeding the vortex motion leads to a further increase of the vortex velocity resulting in a flux-flow instability [31] [32] [33] . This instability becomes apparent as a sudden transition of the sample into the normal state. In the inset to Fig. 3(b) we do not observe an abrupt jump, but rather a steep crossover from the flux-flow regime to the normally conducting state. This is because the flux-flow instability jump is expected to vanish above 0.4H c2 (0.8T c ) ≈ 100 mT 31 .
Nevertheless, the linewidth broadening in Fig. 4(a) and the upturn in the CVC in Fig. 3 
